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David and Goliath in nuclear transport
The small GTP-binding protein Ran has been implicated in protein
import into, and mRNA export from, the nucleus. A recently identified
'giant' nuclear pore complex protein, Nup358, binds GTP-Ran.
Ran is the only known member of the Ras superfamily
of small GTP-binding proteins to be localized primarily
inside the nucleus, and there is considerable evidence
that Ran is closely involved in the traffic of macromol-
ecules into and out of the nucleus [1,2]. Ran has been
shown to be an essential factor for nuclear import in
digitonin-permeabilized cells, and mutant forms of Ran
inhibit both protein import into the nucleus and mRNA
export from the nucleus in vivo. Additional evidence of a
role for Ran in nuclear transport has recently come from
the discovery of a new nuclear pore complex protein,
Nup358, that binds Ran directly.
Nup358 - for nucleoporin of 358 kD - was indepen-
dently cloned and sequenced by two groups [3,4].
Nishimoto and colleagues [3] pulled out the clone using
a yeast two-hybrid genetic screen with human Ran as
'bait' to detect Ran-interacting proteins. Investigators in
the Blobel laboratory [4] screened an expression library
for proteins that interact with Ran loaded with 32p_
labelled GTP. The sequence of Nup358 contains a num-
ber of interesting features. Its ability to bind Ran appears
to be conferred by four domains, each of which is
homologous to a soluble, cytoplasmic protein called
RanBP1 (Ran binding protein 1). RanBP1 was origi-
nally identified on the basis of its ability to bind
GTP-Ran (but not GDP-Ran) on western bl6ts, but its
exact function in vivo is unclear [5]. Each of the four
RanBPl-like domains of Nup358, when expressed
separately, is capable of binding GTP-Ran; the four have
therefore been designated as Ran-binding domains [3].
The sequence of Nup358 (also called RanBP2) also
reveals several Phe-X-Phe-Gly and Phe-Gly repeats,
which are common to a number of proteins of the
nuclear pore complex [6], and Nup358 has been local-
ized to the nuclear pore complex by immuno-electron
microscopy [3,4]. It seems to localize to the cytoplasmic
side of the complex, at or near the ends of the small
fibers that extend from the nuclear pore complex into
the cytoplasm (Fig. 1). In addition, Ran coupled to gold
was found to decorate only the cytoplasmic side of
nuclear envelopes [4]. Two of the three anti-Nup358
antibodies used by Nishimoto's group also gave immuno-
gold labelling on the nucleoplasmic side, although
whether this pattern might reflect cross-reactivity of the
antibodies with other nuclear pore proteins (nucleo-
porins) is unclear [3].
A 358 kDa protein has room for plenty of 'motifs', and
Nup358 has also been found to contain eight zinc finger
motifs of the Cys2-Cys 2 type, a leucine-rich region, and
a carboxy-terminal cyclophilin A-like domain. Another
nucleoporin, Nup153, also contains zinc finger domains
and has been shown to bind DNA-cellulose in vitro [7].
Nupl53 is localized on the ring at the tip of the 'basket'
on the nucleoplasmic side of the nuclear pore complex
(Fig. 2), and is therefore positioned such that it might
logically bind chromatin in vivo - but any role for
Nup358 in DNA binding seems less likely, because of its
cytoplasmic location. Another possibility, particularly as
both of these proteins are structural components of the
nuclear pore complex, is that the zinc finger domains of
both proteins are used for protein-protein interactions.
Alternatively, the zinc fingers could mediate an inter-
action with RNAs during their transport through the
nuclear pore complex. The presence of the cyclophilin-
like domain is intriguing, but its significance is unclear;
cyclophilin can act as a peptidyl-prolyl isomerase, but its
exact function in vivo is unknown [3,4].
A soluble form of Nup358 has also been observed.
Bischoffet al. [8] identified Nup358 in a Hela cell lysate as
a protein that inhibits the dissociation of GTP from Ran,
Fig. 1. Localization of Nup358 to the cytoplasmic face of the nuclear pore complex on isolated rat liver nuclear envelopes. Immuno-
gold labelling used an anti-Nup358 antibody followed by gold-conjugated second antibody [4]. (Photographs kindly provided by
Michael Matunis and GOnter Blobel.)
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Fig. 2. The approximate locations of
karyopherin-binding proteins in the
vertebrate nuclear pore complex. The
localizations were adapted from [6] and
references therein.
although they also reported that most of the Nup358 pro-
tein required 350 mM NaCI for solubilization. So far as it
is known, all nuclear pore complex proteins lacking a
transmembrane domain are cytoplasmic for a while, after
their synthesis but prior to their incorporation into either
newly forming or pre-existing nuclear pore complexes.
Very little is known about nuclear pore complex assembly
or the half-life (and possible turnover) of nuclear pore
complex proteins, so the existence of a soluble pool of
Nup358 may or may not be significant with regard to its
function. The presence of even a minor cytoplasmic pool
might play a role in regulating the availability of
GTP-Ran for the import reaction.
Prior to its identification as a Ran-binding protein and its
localization to the nuclear pore complex, Nup358 had
already been implicated in another aspect of nuclear
transport. Karyopherin is a protein complex (composed
of o and 3 subunits) that binds in the cytoplasm to pro-
teins containing a nuclear localization sequence, and
docks them at the cytoplasmic face of the nuclear pore
complex [9]. Using an overlay assay, we showed that
karyopherin interacts with several repeat-containing
nucleoporins, including Nup358 (previously referred to
as p270), Nup214, Nup98 and, probably, p62 [9,10].
Because these multi-copy nucleoporins are present on
both the cytoplasmic and nucleoplasmic sides of the ver-
tebrate nuclear pore complex (Fig. 2), it has been pro-
posed that one method for moving a transport substrate
through the nuclear pore complex might be via a series
of karyopherin-mediated docking and undocking reac-
tions on these nucleoporins. In mammalian cells,
Nup358 appears to be the only member of this karo-
pherin-binding family (as identified by the overlay assay)
that also binds Ran [9]. Thus, two essential transport
factors (Ran and karyopherin) are bound using different
sites on the Nup358 protein. Interestingly, the yeast
nucleoporin Nup2 also contains both a Ran-binding
domain and Phe-X-Phe-Gly repeats [11].
What is the function of the interaction between Ran and
Nup358? Because of its location, Nup358 is almost cer-
tainly involved in transport through the nuclear pore
complex, but in which direction? Nup358 could be
involved in the initial stages of nuclear import or at the
last stage of nuclear export, or both. It might be involved
in assembling transport factors during the early stages of
import, by virtue of its ability to bind both karyopherin
(with bound import substrate) and Ran. Nup358 appears
to have a much higher affinity for GTP-Ran than for
GDP-Ran [3,4]. The only known exchange factor that
stimulates the conversion of GDP-Ran to GTP-Ran -
RCC1 - is located inside the nucleus, and the only
known GTPase-activating protein (GAP) that acts on
Ran - RanGAP1 - is located in the cytoplasm (at least
in yeast) [1,2]. The available data indicate that it is
GTP-Ran that is required for nuclear import and, as
non-hydrolyzable analogs of GTP inhibit nuclear import,
that Ran has to hydrolyze GTP at some point during
import [2]. A likely trigger for the release of Ran from
Nup358, therefore, would be GTP hydrolysis by Ran,
stimulated by RanGapl. The precise function of Nup358
of course remains to be elucidated, but as Ran is located
both inside the nucleus and in the cytoplasm, its inter-
action with Nup358 may be only one transient step
among many during nucleocytoplasmic transport.
References
1. Izaurralde E, Mattaj IW: RNA export. Cell 1995, 81:153-159.
2. Moore MS, Blobel G: A G protein involved in nucleocytoplasmic
transport: the role of Ran. Trends Biochem Sci 1994, 19:211-216.
3. Yokoyama N, Hayashi N, Seki T, Pante N, Ohba T, Nishii K, Kuma
K, Hayashida T, Miyata T, Aebi U, et al: A giant nucleopore protein
that binds Ran/TC4. Nature 1995, 376:184-188.
DISPATCH 1341
4. Wu J, Matunis MI, Kraemer D, Blobel G, Coutavas E: Nup358, a
cytoplasmically exposed nucleoporin with peptide repeats, Ran-
GTP binding sites, zinc fingers, a cyclophilin A homologous
domain, and a leucine-rich region. Biol Chem 1995,
23:14209-14213.
5. Coutavas E, Ren M, Oppenheim JD, D'Eustachio P, Rush MG: Char-
acterization of proteins that interact with the cell-cycle regulatory
protein Ran/TC4. Nature 1993, 366:585-587.
6. Rout M, Wente SR: Pores for thought: nuclear pore complex pro-
teins. Trends Cell Biol 1994, 4:357-365.
7. Sukegawa J, Blobel G: A nuclear pore complex protein that con-
tains zinc finger motifs, binds DNA, and faces the nucleoplasm.
Cell 1992, 72:29-38.
8. Bischoff FR, Krebber H, Smirnova E, Dong W, Ponstingl H: Co-acti-
vation of RanGTPase and inhibition of GTP dissociation by Ran-
GTP binding protein RanBP1. EMBOJ 1995, 14:705-715.
9. Radu A, Blobel G, Moore MS: Identification of a protein complex
that is required for nuclear protein import and mediates docking of
import substrate to distinct nucleoporins. Proc Natl Acad Sci USA
1995, 92:1 769-1 773.
10. Radu A, Moore MS, Blobel G: The peptide repeat domain of nucle-
oporin Nup 98 functions as a docking site in transport across the
nuclear pore complex. Cell 1995, 81:215-222.
11. Dingwall C, Kandels-Lewis S, Seraphin B: A family of Ran binding
proteins that includes nucleoporins. Proc Natl Acad Sci USA 1995,
92:7525-7529.
Mary Shannon Moore, Baylor College of Medicine,
Department of Cell Biology, One Baylor Plaza, Houston,
Texas 77030, USA.
THE JUNE 1996 ISSUE (VOL. 8, NO. 3) OF
CURRENT OPINION IN CELL BIOLOGY
will include the following reviews, edited by Robert Tjian and Ulrich Laemmli,
on Nucleus and gene expression:
Chromatin assembly factors by P. Kaufman
The biochemistry and regulation of RNA splicing by D. Rio
Role of transcription in the cell cycle by B. Dynlacht
Transcriptional repression and development by M. Levine
Structure and function of telomerase by K. Collins
Chromatin silencing by J. Rine
Nuclear import by U. Aebi and N. Pant6
Nuclear factories: replication centers/activation by J. Newport
Activation/destruction of nuclear proteins by proteases by P. Baeuerle
Imprinting by M. Surani
Synaptonemal complex: structure/function pairing by C. Heyting
Perilous nuclear interactions by M. Perutz
Mechanisms of transcriptional regulation by E Pugh
DNA-dependent protein kinase and DNA repair by W. Dynan
Centromere structure and function by T. Yen
The CDK7/cyclin H/MATI complex: a kinase at the crossroads of transcription,
DNA repair and cell cycle control by E. Nigg
